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SUBJECT: E f f e c t  of Manned Space F l i g h t  
Network Reduction on Skylab 
Support  - Case 900 

The 
L.ztwork (MSFN 

MEMORANDUM FOR FILE 

DATE: May 2 2 ,  1 9 7 0  

FROM: J. P. Maloy 

e f f e c t s  of  reducing t h e  Manned Space F l i g h t  
f o r  Skylab mission suppor t  has  been s t u d i e d .  

The Apollo MSFN now cons is t s  of e leven  s t a t i o n s :  
( M I L ) ,  Bermuda ( B D A ) ,  Canary I s l ands  (CYI) , Ascension ( A C N ) ,  
Madrid (MAD) ,  Carnarvon ( C R O ) ,  Guam (GWM) I Honeysuckle ( H S K )  , 
Hawaii ( H A W ) ,  Goldstone ( G D S )  I and Texas (TEX) . I t  has  been 
proposed t o  add MSFN s t a t i o n  f ac i l i t i e s  a t  Sant iago ,  Ch i l e  
(SAN) f o r  Skylab missions.  Six of t h e  p r e s e n t  network of 
s t a t i o n s  have been assumed t o  be e s s e n t i a l  t o  network suppor t  
f o r  var ious  reasons -- MIL and BDA f o r  launch suppor t ,  t h e  85 '  
antenna s t a t i o n s  (MAD, H S K ,  GDS) f o r  deep space suppor t  of 
manned and unmanned miss ions ,  and CRO because of  i t s  a n t i p o d a l  
geographica l  p o s i t i o n  from MIL. The c o n t r i b u t i o n s  of t h e  re- 
maining f i v e  s t a t i o n s  t o  Skylab mission suppor t  have been re- 
viewed. These MSFN s t a t i o n s  were ranked as p o s s i b l e  cand ida te s  
f o r  d e l e t i o n  based o n  their cnn t r ibu t ion  t c r  the f r r l l ov ing  para- 
meters ( f o r  a Skylab mission a t  235 n a u t i c a l  m i l e s  a l t i t u d e  and 
an  o r b i t a l  p lane  i n c l i n a t i o n  of 50'):  

Cape Kennedy 

5) 

The number of MSFN s i t e  c o n t a c t s  wi th  Skylab. 

The t o t a l  contact t i m e  wi th  MSFN sites.  

The t o t a l  unique contac t  t i m e  ( n o t  over lapping  w i t h  
any o t h e r  s t a t i o n ) .  

The number of a d d i t i o n a l  gaps exceeding 89.0 minutes 
in t roduced  when a s t a t i o n  by i t s e l f  o r  i n  combination 
with o t h e r  s t a t i o n s  of t h e  f i v e  considered i s  d e l e t e d .  

The i n c r e a s e  i n  t h e  amount of d a t a  n o t  recorded ( l o s t  
d a t a )  due t o  t h e  capac i ty  of  t h e  Apollo Telescope Mount 
(ATM) t a p e  r eco rde r  if one o r  more s t a t i o n s  are d e l e t e d .  

This  memorandum presen t s  a comparison of t h e  r e s u l t s  f o r  
t h e  f i r s t  t h r e e  cr i ter ia  by s t a t i o n .  Ten d i f f e r e n t  sets of  s t a t i o n s  
are compared f o r  t h e  l a s t  two c r i te r ia .  T h i s  w a s  done f o r  minimum 
c o n t a c t  t i m e s  between t h e  s t a t i o n  and t h e  Skylab of t h r e e  and s i x  
minutes.  F i n a l l y ,  a suggestion i s  made for  s t a t i o n  d e l e t i o n  if a 
reduc t ion  i n  t h e  number of MSFN s t a t i o n s  i s  r equ i r ed  f o r  f i s c a l  
reasons .  
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Twenty computer runs were made us ing  t h e  ALTER I *  
program t o  accumulate t h e  basic d a t a  necessary f o r  t h i s  s t a t i o n  
eva lua t ion .  The mission parameters w e r e  (a )  an a l t i t u d e  of 235 
n a u t i c a l  m i l e s ,  (b )  o r b i t a l  plane i n c l i n a t i o n  of 50° and (c) 
mission du ra t ion  of 2 8  days ( 4 0 4  r e v o l u t i o n s ) .  Coverage f o r  t h e  
fo l lowing  network combinations w a s  computed i n  t u r n :  

1) twelve s t a t i o n s  ( the  e l even  l i s ted  i n  t h e  i n t r o d u c t i o n  
p l u s  t h e  proposed Santiago s t a t i o n )  as a c o n t r o l  s e t  

2 )  t h e  1 2  s t a t i o n s  minus  TEX 

3 )  t h e  1 2  s t a t i o n s  minus  HAW 

4 )  t h e  1 2  s t a t i o n s  minus  ACN 

5 )  t h e  1 2  s t a t i o n s  minus  CY1 

6 )  t h e  1 2  s t a t i o n s  m i n u s  GWM 

7 )  t h e  1 2  s t a t i o n s  minus  ACN and C Y 1  

8 )  the  12 s t a t i o n s  minus KN and GWM 

9 )  t h e  1 2  s t a t i o n s  minus  C Y 1  and GWM 

1 0 )  t h e  1 2  s t a t i o n s  minus  ACN, C Y 1  and GWM. 

T h e  f i r s t  t e n  runs were. made us ing  a minimum c o n t a c t  
t i m e  of three minutes,  considered a reasonable  t i m e  f o r  voice 
communication and c o l l e c t i o n  of real-time t e l eme t ry  data .  The 
second t e n  runs  used a six-minute minimum contact  t i m e ,  con- 
s i d e r e d  t h e  minimum t i m e  requi red  for  a t e l eme t ry  dump from t h e  
ATM t a p e  recorder on-board S k y l a b .  The t o t a l  number of c o n t a c t s  
and c o n t a c t  t i m e  w a s  read d i r e c t l y  from t h e  c o n t r o l  set .  The 
unique c o n t a c t  a t t r i b u t e d  t o  a s t a t i o n  o r  s t a t i o n s  was determined 
by t h e  d i f f e r e n c e  i n  t o t a l  unique c o n t a c t  t i m e  of t h e  c o n t r o l  se t  
minus t h e  unique c o n t a c t  t i m e  of t h e  s e t  minus t h a t  s t a t i o n  o r  
s t a t i o n s .  
between minimum c o n t a c t s  exceeding 8 9 . 0  minutes.  

The GAP sub-routine of t h e  program l i s t e d  t h e  gaps 
T h e  t i m e  by 

*A Computer Program t o  Compute Space Vehicle  Contact  T i m e ,  
S l a n t  Range, and A l t i t u d e ,  H .  P i n c k e r n e l l ,  Bellcomm, December 8 ,  
1 9 6 4 .  
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which a gap exceeded 89.0 minutes w a s  considered t h e  t i m e  t h a t  
d a t a  would no t  be a v a i l a b l e  t o  t h e  s t a t i o n  due t o  t a p e  r eco rde r  
l i m i t a t i o n s  on Skylab.* These amounts f o r  each set ,  where 
a p p r o p r i a t e ,  were hand c a l c u l a t e d  from t h e  computer d a t a .  

RESULTS 

Number o f  Contacts  f o r  Each S t a t i o n  

Table I l i s t s  t h e  1 2  s t a t i o n s  i n  dec reas ing  o r d e r  o f  
number of  c o n t a c t s  f o r  t h e  three-minute and six-minute minimum 
c o n t a c t  t i m e  c a s e s .  Table I1 does t h e  same f o r  t o t a l  c o n t a c t  
t i m e .  The f i v e  s t a t i o n s  considered f o r  d e l e t i o n  are under l ined  
i n  t h e s e  t a b l e s .  Each of t hese  s t a t i o n s  i n  a l l  cases except  one 
( c o n t a c t  t i m e  f o r  TEX i n  t h e  six-minute case) f e l l  i n  t h e  l o w e r  
h a l f  of t h e  l i s t .  HAW, GWM and ACN are a t  t h e  bottom i n  t h a t  
o r d e r .  

Figure 1 shows a comparison of unique coverage t i m e  
f o r  each of t h e  f i v e  s ta t ions  and combinations of t h e s e  s t a t i o n s  
be ing  considered f o r  d e l e t i o n .  I t  can be seen t h a t  TEX provides  
t h e  l e a s t  amount of  unique coverage; C Y I ,  t h e  second s m a l l e s t  
amount, followed by ACN, GWM and HAW. Ind ica t ed  i n  t h e  b a r s  i s  
t h e  pe rcen t  of network ( 1 2  s t a t i o n s )  unique contact  t i m e  t h a t  
t h a t  amount of s t a t i o n  unique t i m e  r e p r e s e n t s .  

Not a l l  p o s s i b l e  combinations of t h e  f i v e  cand ida te s  
f o r  d e l e t i o n  are shown. Combinations wi th  HAW a r e  n o t  p re sen ted  
s i n c e  e a r l y  d a t a  on number of gaps and l o s t  d a t a  produced by t h e  
d e l e t i o n  of HAW showed t h a t  HAW should n o t  be d e l e t e d  from t h e  
network. On inspec t ion  of s imi l a r  r a w  d a t a ,  it could be seen  
t h a t  TEX w a s  t h e  prime candidate  f o r  d e l e t i o n  s i n c e  it d i d  n o t  
rank high i n  number of c o n t a c t s ,  contact t i m e ,  ranked lowest  i n  
amount of unique c o n t a c t  t i m e ,  and d i d  n o t  reduce t h e  number of 
gaps exceeding 89.0 minutes.  

Whether t h e  d a t a  based on six-minute minimum c o n t a c t s  
o r  three-minute minimum con tac t s  are compared, t h e  r e s u l t s  are 
r e l a t i v e l y  t h e  same and lead t o  t h e  same obse rva t ions .  

Number of Gaps Exceeding 89.0 Minutes 

Figure 2 p r e s e n t s  a summary of t h e  number of  gaps be- 
tween  s t a t i o n  c o n t a c t s  exceeding 89.0 minutes t h a t  are created 

*The ATM t a p e  r eco rde r s  have a nominal record  t i m e  of  90  
minutes;  by a c t u a l  measurement, they run 89 minutes o r  s l i g h t l y  
more. 
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when a cand ida te  f o r  d e l e t i o n  or combinations of t h e s e  s t a t i o n s  
are removed from t h e  MSFN.  T h e r e  are 2 1  such gaps wi th  t h e  12- 
s t a t i o n  set .  When TEX, CY1 o r  GWM are i n d i v i d u a l l y  d e l e t e d ,  t h e  
number of  gaps i s  no t  increased .  When only ACN i s  d e l e t e d ,  t h e  
number of  gaps i n c r e a s e s  by fou r ,  and when on ly  HAW i s  removed 
from t h e  network, t h e  number of gaps i n c r e a s e s  more s i g n i f i c a n t l y  
t o  4 1 .  When t h e  combination of ACN and GWM are e l imina ted ,  t h e  
number of  gaps a l so  i n c r e a s e s  t o  41. These t w o  a n t i p o d a l  s t a t i o n s  
are so  pos i t i oned  geographical ly  t h a t  on some r e v o l u t i o n s  they  
make consecut ive c o n t a c t s  w i t h  t h e  s p a c e c r a f t .  When both are 
removed from t h e  network, t h e  gap between remaining s t a t i o n s  
exceeds 89.0 minutes 4 1  t i m e s  over 4 3 3  r evo lu t ions .  

Figure 3 shows s imilar  data  f o r  t h e  case  where t h r e e -  
minute minimum c o n t a c t s  w e r e  considered.  Although t h e  a b s o l u t e  
numbers are d i f f e r e n t ,  t h e  r e l a t i o n s h i p s  among s t a t i o n s  are t h e  
same; t h a t  i s ,  H A W  then  ACN and t h e  combination of ACN and GWM 
would be t h e  l ea s t  d e s i r a b l e  t o  remove from t h e  network from t h e  
p o i n t  of view of  keeping gaps exceeding 8 9 . 0  minutes t o  a minimum. 

Addi t iona l  computer runs  w e r e  made t o  determine t h e  
s i z e  and number of gaps exceeding 50 .0  minutes when C Y I ,  GWM 
and TEX are d e l e t e d  from t h e  n e t w o r k .  This  data and t h e i r  
comparison wi th  t h e  12 - s t a t ion  s e t  i s  presented  i n  Figure 4 
and i n d i c a t e s  t h a t  t h e  s i z e  and number of  gaps c r e a t e d  by 
having t h e  lesser number of s t a t i o n s  i s  n o t  p r o h i b i t i v e .  

Amount of L o s t  Data 

That amount of  gap t i m e  t h a t  exceeds 89.0 minutes be- 
tween c o n t a c t s  i s  considered a s  l o s t  d a t a  t i m e  s i n c e  data would 
n o t  be recorded due t o  t h e  capac i ty  of t h e  t a p e  r eco rde r  on-board 
Skylab.* The s i z e  of gaps exceeding 89.0 minutes was examined, 
and t h e  amount of l o s t  d a t a  t i m e  w a s  c a l c u l a t e d  f o r  each s e t  of 
s t a t i o n s  f o r  t h e  six-minute minimum c o n t a c t  case. A six-minute 
s t a t i o n  c o n t a c t  i s  always requi red  t o  dump t h e  d a t a  from t h e  t a p e  
recorder .  This  i s  independent of gap s i z e  and i s  due t o  t h e  
des ign  of  t h e  r eco rde r .  

There would be t h e  g r e a t e s t  i n c r e a s e  (over 1 6 0 0  minutes)  
i n  t h e  amount of unrecorded da ta  i f  HAW w e r e  d e l e t e d  from t h e  n e t -  
work of s t a t i o n s  when consider ing any s i n g l e  s t a t i o n  o f  t h e  f i v e  
candida tes  f o r  d e l e t i o n .  ACN i s  t h e  only o t h e r  s i n g l e  s t a t i o n  

*A second t a p e  r eco rde r  i s  he ld  i n  a standby s t a t u s  and 
could ,  wi th  s o m e  o p e r a t i o n a l  d i f f i c u l t y ,  be used s e r i a l l y  w i t h  
t h e  f i r s t .  
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whose e l i m i n a t i o n  would inc rease  t h e  amount of  l o s t  d a t a  (by 
almost 6 0 0  minu te s ) .  A s  i n  t h e  case o f  t h e  number of  gaps,  
t h e  amount of l o s t  d a t a  would compound (over  1 0 0 0  minutes) i f  
bo th  ACN and GWM w e r e  removed from t h e  set  of 1 2  s t a t i o n s .  

SUMMARY AND CONCLUSIONS 

The p o s s i b i l i t y  of  reducing t h e  number of  s t a t i o n s  i n  
t h e  MSFN f o r  Skylab suppor t  by up t o  f i v e  s t a t i o n s  w a s  examined. 
These s t a t i o n s  w e r e  eva lua ted  a g a i n s t  t h e  parameters  of  number 
of  c o n t a c t s ,  t o t a l  contact t i m e ,  unique c o n t a c t  t i m e ,  number of  
gaps and amount of l o s t  d a t a  f o r  a Skylab mission designed a t  
235 n a u t i c a l  m i l e  c i r c u l a r  o r b i t ,  a t  an o r b i t a l  plane i n c l i n a t i o n  
angle  of 50' f o r  28 days.  A l l  f i v e  of t h e  cand ida te s  f o r  d e l e t i o n  
(TEX, HAW, ACN, C Y 1  and GWM) ranked i n  t h e  lower p o r t i o n  of t h e  

MSFN f o r  number o f  contacts  and t o t a l  c o n t a c t  t i m e .  

By i n s p e c t i o n ,  it was determined t h a t  TEX could be 
removed because i t  cont r ibu ted  nothing towards reducing t h e  
number of gaps and l o s t  d a t a  s i n c e  it l i e s  between Goldstone 
and Cape Kennedy s t a t i o n s .  The computer d a t a  confirmed t h i s  
and i n  a d d i t i o n ,  TEX ranked l a s t  i n  t h e  amount of unique con- 
t a c t  t i m e  it c o n t r i b u t e d  t o  t h e  MSFN coverage. On t h e  o t h e r  
hand, it became apparent  t h a t  HAW w a s  va luab le  f o r  Skylab 
suppor t  because without  it t h e  number of gaps exceeding 89 .0  
minutes doubled i n  t h e  six-minute minimum c o n t a c t  use and 
quadrupled f o r  t h e  three-minute minimum c o n t a c t  use.  I n  
a d d i t i o n ,  t h e  amount of l o s t  d a t a  would be t r i p l e d  wi thout  
HAW. 

C Y 1  would be t h e  second candida te  f o r  d e l e t i o n  from 
t h e  MSFN.  I t  a lso has  no e f f e c t  on reducing t h e  number of  gaps 
exceeding 89.0 minutes and t h e  amount of l o s t  d a t a .  C Y 1  a lso 
c o n t r i b u t e s  t h e  second sma l l e s t  amount (<450 minutes) of unique 
coverage t i m e .  GWM l i kewise  h a s  no e f f e c t  on reducing t h e  
number of gaps exceeding 89.0 minutes and t h e  amount of l o s t  
d a t a ,  b u t  c o n t r i b u t e s  more unique coverage t i m e  (approximately 
860 minu tes ) .  The omission of ACN would i n c r e a s e  t h e  number 
of  gaps (from 2 1  t o  25 f o r  t h e  six-minute minimum c o n t a c t  case)  
and t h e  amount of  l o s t  d a t a  by almost 600 minutes.  I n  a d d i t i o n ,  
i f  GWM w e r e  d e l e t e d  along w i t h  ACN, t h e  number of gaps and l o s t  
d a t a  would i n c r e a s e  by s i g n i f i c a n t l y  more (by 20  and more than 
1 0 0 0  minutes ,  r e s p e c t i v e l y )  than t h e i r  s i n g u l a r  e f f e c t s .  This  
i s  because of t h e i r  geographical  r e l a t i o n s h i p  a long  t h e  sub- 
v e h i c l e  t r a c k  of Skylab. F i n a l l y ,  d e l e t i o n  of HAW i s  less 
a t t r a c t i v e  than d e l e t i o n  of any o t h e r  s i n g l e  s t a t i o n  s i n c e  
it would i n c r e a s e  t h e  number of gaps markedly (from 2 1  t o  41) 
and t h e  l o s t  t i m e  by 1 6 0 0  minutes. 
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The conclusion is that for a Skylab type mission as 
described in this memorandum, the deletion of TEX, CY1 or GWM 
as a single station or in some combination would have the least 
effect on mission support in the order named. 

A memorandum by J. E. Johnson* extends the results of 
this study to consider the need for support by the MSFN of Apollo 
Lunar Surface Experiment Packages (ALSEP's) and a lunar subsatellite 
in the Skylab time frame. 

A 

2034-JPM-drc 

Attachment 
Tables 1 and 2 
Figures 1 thru 5 

*"Combined Skylab and Lunar Support with a Reduced Manned 
Space Flight Network," J. E. Johnson, Memorandum for File, 
May 22, 1970. 



TABLE 1 

COMPARISON O F  NUMBER OF CONTACTS 

(235 nm a l t . ;  50' i n c l .  angle ;  28 day  m i s s i o n )  

3 Minute M i n i m u m  6 Minu te  M i n i m u m  
Contact Con tac t  

S t a .  S t a .  

1 BDA 202 1 GDS 189  
2 SAN 1 9 7  

3 GDS 1 9 7  

2 HSK 1 8 5  

3 MAD 1 7 3  

4 HSK 1 9 5  4 SAN 150 
5 MAD 1 8 5  

6 MIL 1 5 3  

7 TEX 1 4 7  

8 C Y 1  1 4 7  
- 

9 CRO 138  

5 BDA 146  

6 MIL 126  

7 - TEX 1 2 2  

8 - CY1 119  

9 CRO 1 1 5  

1 0  H A W  130 1 0  HAW 109  - - 
11 GWM 116 - 
1 2  ACN - 109 

11 - GWM 98 
1 2  ACN - 95 



TABLE 2 

COMPARISON OF TOTAL CONTACT TIME (MIN) 
(235 nm alt.; 50' incl. angle; 28 day mission) 

3 Minute Minimum 
Contact 

6 Minute Minimum 
Contact 

Sta. Sta. 

1 MAD 1660 
2 GDS 1658 
3 HSK 1642 
4 SAN 1541 
5 BDA 1530 
6 MIL 1240 
7 TEX 1206 
8 CY1 1201 
9 CRO 1125 
10 - HAW 1061 
11 GWM 948 
12 ACN 908 

- 
- 

- 
- 

1 GDS 1621 
2 MAD 1614 
3 HSK 1597 
4 SAN 1313 
5 BDA 1281 
6 TEX - 1207 
7 r u  1114 
8 CY1 1064 
9 CRO 1015 
- 

10 HAW - 965 
11 GWM 867 
12 ACN 840 
- 
- 
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FIGURE 1 -STATION UNIQUE CONTACT TIME 
(6 MIN. MINIMUM CONTACT) 
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FIGURE 2 - NUMBER OF GAPS ( > 89 MIN.) VS. STATIONS DELETED FROM MSFN 
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FIGURE 3 - NUMBER OF GAPS ( > 89 MIN.) VS. STATIONS DELETED FROM MSFN 
(3 MIN. MINIMUM CONTACTS) 


